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THE  CLIMATE  OF  THE  NORTHEAST 

HEATING  DEGREE-DAYS 

W.  H.  Dickerson,  Agricultural  Engineer 


THE  HDD,  or  heating  degree-day,  has  been 
defined  as  "a  unit  based  on  the  difference 
between  65 J  F  and  the  daily  mean  temper- 
ature when  the  latter  is  below  65°  F"  (2).  Thus, 
the  number  of  degree  days  for  a  given  day  is 
equal  to  65°  F  minus  the  average  temperature 
for  the  day,  with  negative  differences  being  count- 
ed as  zero.  The  HDD  for  any  period  such  as  a 
month,  season,  or  year  is  secured  by  accumulating 
the  daily  values  over  the  period. 

The  concept  of  the  HDD  is  credited  to  the 
American  Gas  Industry.  The  theory  (verified  by 
extensive  statistics)  is  that  an  average  outdoor 
temperature  of  65°  F  is  the  lowest  permissible 
without  supplying  heat  to  a  building  which  is 
used  for  human  occupancy  and  is  to  be  maintained 
at  approximately  70°  F.  When  the  daily  mean 
temperature  drops  below  65°  F,  heat  is  required 
and  the  amount  of  energy  or  fuel  required  is  pro- 
portional to  the  number  of  HDD.  The  method 
may  be  applied  to  the  estimation  of  energy  re- 
quirements for  maintaining  indoor  temperatures 
other  than  70°  F.  For  instance,  according  to 
Strock  and  Hotchkiss  (11),  the  industrial  heat- 
ing degree  day  is  sometimes  based  on  55°  or  45°, 
instead  of  65°,  depending  upon  the  temperature 
requirements  of  the  structure. 

Heating  degree-day  data  may  be  used  as  a 
basis  for  planning  the  insulation  and  heating 
plants  of  buildings,  and  also  for  estimating  the  fuel 
requirements  where  heat  losses  can  be  calculated. 
Other  uses  include:  checking  the  efficiency  of 
heating  plant  operation  for  commercial  buildings, 
in  sales  promo Monal  work  of  insulating  materials, 
or  in  special  types  of  energy-use  (such  as  electric 
heating),  and  for  the  estimation  of  fuel  consump- 
tion to  regulate  the  delivery  of  fuel  by  the  dis- 
tributor to  the  consumer.  Current  data  on  HDD 
may  also  provide  a  valuable  public  relations  tool 
for  fuel  suppliers.  Variations  in  the  weather  not 
readily  discernible  or  remembered  by  the  customer 


which   may   cause   complaints   can   be   explained 
where  these  were  due  to  temperature  aberrations. 

An  example  of  the  application  of  the  HDD 
concept  in  agricultural  production  is  found  in  the 
work  reported  by  McCune  (8).  In  experiments 
with  the  use  of  electric  heat  in  the  production 
of  nursery  stock,  it  was  determined  that  energy 
consumption  for  soil  heating  was  related  to  HDD 
during  the  heating  period.  A  basis  was  provided 
for  estimating  energy  requirements  for  various 
weather  conditions. 

The  purpose  of  the  work  reported  herein  has 
been  to  compile,  analyze,  and  prepare  for  publica- 
tion basic  climatolo?ical  data  on  heating  degree- 
days  for  the  Northeastern  United  States.  It  is 
expected  that  the  data  will  be  most  useful  to 
engineers  and  others  concerned  with  practical 
problems  relating  to  heating,  insulation,  and  con- 
struction. The  information  may  also  be  of  value 
for  the  development  of  new  applications,  methods, 
or  theories,  which  will  extend  the  usefulness  of 
climatological  data.  As  an  example,  data  made 
available  by  the  NE-35  program  have  provided 
a  basis  for  calculating  a  multiple  regression  equa- 
tion to  be  used  in  estimating  normal  annual  HDD. 
The  derivation,  uses,  and  possible  advantages 
of  the  equation  are  discussed  in  a  later  section 
of  this  bulletin. 


OUTLINE  OF  WORK  ON  HDD 

The  NE-35  Committee  and  its  Work 

This  bulletin  is  one  of  a  series  on  The  Climate 
of  the  Northeast  which  is  being  sponsored  by  the 
Northeast  Regional  Technical  Committee  on  Cli- 
matology, commonly  referred  to  as  the  NE-35 
Committee.  The  committee  is  composed  of  repre- 
sentatives of  agricultural  experiment  stations  of 
the  region  who  cooperate  with  the  Weather  Bureau 
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in  the  application  of  climatology  to  agriculture. 
The  participating  experiment  stations  and  federal 
agencies  are  listed  elsewhere,  as  are  the  titles 
of  bulletins  published  to  date.  In  addition,  Gosslee 
and  Brumbach  (4)  and  Kolega  and  Palmer  (6) 
have  reported  the  results  of  work  with  HDD, 
supported  in  part  by  NE-35. 


Source  of  Data  for  the  Analysis 

Data  on  HDD  were  compiled  as  a  part  of  the 
basic  plan  for  the  regional  research.  Each  cooper- 
ating experiment  station  provided,  in  accordance 
with  the  decision  of  the  technical  committee, 
punched  cards  containing  the  weather  data  for 
selected  weather  stations.  The  original  data  were 
secured  by  the  Weather  Bureau  through  its  net- 
work of  cooperative  observers.  Checking  and  veri- 
fication of  the  data  prior  to  its  use  in  the  NE-35 
program  were  accomplished  through  the  coopera- 
tion of  Weather  Bureau  personnel  in  the  various 
states,  and  the  Northeast  Area  Climatologist. 


Computer  Programs 

Information  presented  in  the  following  sec- 
tions of  this  report  was  secured  almost  entirely 
by  the  execution  of  electronic  computer  programs, 
which  tabulated,  summarized,  and  analyzed  the 
raw  data  supplied  by  cooperating  states.  The 
computer  programs  were  designed  to: 

A.  Re-calculate  the  four-week  period  averages 
and  standard  deviations,  as  shown  in 
Table  3. 

B.  Calculate  the  average  annual  HDD,  in- 
cluding the  estimated  14th  period  (which 
was  not  available  for  most  stations),  and 
the  standard  deviation. 

C.  Estimate  the  return  period  of  the  coldest 
four-week  periods  by  the  extreme  value 
frequency   distribution. 

D.  Test  the  homogeneity  of  variance  between 
stations  for  the  respective  four-week 
periods  and  also  for  the  annual  means. 

E.  Calculate  a  multiple  regression  equation 
for  estimating  the  mean  annual  HDD  for 
a  station  from  its  latitude,  elevation,  and 
mean  annual  temperature. 


EXPLANATION  AND  DISCUSSION 
OF  RESULTS  AND  DATA 

Station-Locator  Map 

The  station  numbers  assigned  by  the  Weather 
Bureau  are  shown  on  Map  1,  (Page  25)  adjacent 
to  the  circle  representing  the  geographical  loca- 
tion. These  numbers  are  related  to  the  alphabetical 
order  of  the  station  name  within  each  state. 
Accordingly,  low  numbers  refer  to  stations  the 
initial  letters  of  which  are  in  the  first  portions 
of  the  alphabet. 

Annual  Mean  And  Standard  Deviation 

Table  2  is  to  be  used  in  conjunction  with  the 
locator  map.  The  state,  station  number,  and 
county  as  well  as  elevation,  latitude,  and  longi- 
tude of  each  station  are  shown  in  the  first  part 
of  the  table.  Further  information  on  these  sta- 
tions can  be  found  in  the  Substation  History 
publications  of  the  U.  S.  Weather  Bureau  (17). 
Also  given  is  the  mean  annual  HDD  and  its 
standard  deviation.  The  mean  has  been  adjusted 
to  account  for  Period  14.  The  estimate  for  this 
period  was  added  to  each  year  prior  to  calculation 
of  the  variance  and  standard  deviation.  The  lean 
year  date  of  February  29  was  ignored.  Table  1, 
a  calendar  of  the  climatological  year,  will  clarify 
the  period  system  used. 

The  annual  mean  and  standard  deviation  is 
considered  to  be  the  most  useful  and  important 
single  statistic  derived  from  the  study.  It  is 
believed  that  the  map  of  isolines  of  HDD,  Map 
2,  is  the  most  detailed  and  accurate  representa- 
tion that  has  been  developed  to  date.  The  basis 
for  this  assertion  is  the  station  network  density, 
which  exceeds  by  far  that  previously  available. 
It  is  advisable  to  insert  a  word  of  caution  in  us- 
ing the  data.  The  map  is  based  on  156  stations, 
and  should  provide  a  good  regional  picture.  It  is 
true,  however,  that  some  individual  stations,  or 
small  areas,  may  deviate  significantly  from  the 
general  picture.  This  is  likely  to  be  most  pro- 
nounced in  mountainous  terrain,  where  differences 
in  elevation  and  other  orographic  influences  pro- 
duce anomalies. 

The  usefulness  of  the  standard  deviation  is 
based  on  the  fact  that  the  annual  HDD  totals 
follow    the    normal,    or    Gaussian,    distribution, 
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according  to  Thom  (15).  Most  applications  of 
HDD  have  been  based  on  use  of  the  mean.  For 
some  purposes,  a  probability  estimate  is  useful. 
The  mean  and  standard  deviation  establish  prob- 
ability relationships  for  data  which  are  normally 
distributed.  After  plotting  standard  deviations  of 
the  annual  means  on  a  map  of  the  Northeast, 
it  became  evident  that  regional  differences,  which 
had  been  anticipated,  were  not  large  and  followed 
no  readily  discernible  pattern.  A  statistical  test, 
Bartlett's  Test  for  Homogeneity  (10),  indicated 
a  common  variance  for  the  region.  Variances  were 
then  pooled,  and  the  standard  deviation  thereby 
derived  was  443  HDD.  This  provided  the  basis 
for  construction  of  Figure  1.  With  the  annual 
mean,  the  annual  HDD  for  any  frequency  can 
be  determined. 


Four-Week  Period  Means  and 
Standard  Deviations 

HDD  were  originally  summarized  in  the  NE-35 
program  by  four-week  periods  of  the  climato- 
logical year.  These  data  are  shown  in  Table  3. 
Periods  covering  the  summer  months  show  zero 
or  very  low  values  for  most  stations,  with  only 
the  coldest  localities  having  any  appreciable 
accumulation  of  HDD. 

A  test  for  homogeneity  was  made  on  the  vari- 
ances of  the  individual  periods.  No  evidence  of 
heterogeneity  of  variance  was  found  among  loca- 
tions within  periods  covering  the  coldest  portion 
of  the  year.  Heterogeneity  appeared  in  the  warm 
periods,  notably  Periods  4,  5,  6,  and  7.  Over  the 
region,  the  mean  variance  for  a  particular  period 
was  found  to  be  related  to  mean  HDD  for  that 
period.  A  standard  deviation  was  calculated  from 
the  pooled  variances  for  each  period.  These  were 
then  plotted  against  the  corresponding  average 
HDD  and  a  smooth  curve  drawn  through  the 
points.  Values  of  the  standard  deviation  scaled 
from  this  curve  were  then  used  as  a  basis  for 
constructing  Figure  2.  By  selecting  the  mean 
HDD  for  any  period  and  entering  the  graph  at 
this  value  on  the  ordinate,  the  four-week  period 
HDD  for  any  frequency  is   readily  determined. 

The  simplifying  assumptions  necessary  for 
the  construction  of  Figures  1  and  2  are  probably 
not  valid  for  every  individual  station  and  climato- 
logical  period  reported  in  Tables  2  and  3.  Where 
this  is  suspected,  the  procedure  outlined  in 
Example  4,  Page  6,  should  be  followed  to  work 
out  frequencies. 


Extreme  Value  Analysis  of  HDD 

Four-week  period  values  were  analyzed  by  the 
extreme  value  frequency  method  (Lieblein  pro- 
cedure) to  estimate  the  probability  of  occurrence 
of  cold  periods  (5),  (7).  Because  of  the  length  of 
the  four-week  sample  in  relation  to  the  annual 
period,  the  extreme  value  method  has  little  to 
recommend  it  over  other  frequency  distributions, 
such  as  for  example,  the  log  normal,  which  could 
have  been  used.  Frequencies  were  expressed  as 
a  "return  period."  Used  in  this  manner,  return 
period  signifies  the  number  of  years  within  which 
a  given  number  of  HDD  will  be  equaled  or  ex- 
ceeded once  on  the  average.  These  frequencies 
differ  from  those  determined  by  the  normal  dis- 
tribution, as  explained  in  the  previous  section, 
although  the  differences  are  not  large.  The  reason 
for  this  is  that  the  coldest  period  (highest  HDD) 
did  not  occur  in  the  same  climatological  period 
each  year.  In  the  extreme  value  analysis,  the 
highest  four-week  HDD  for  each  year  was  selected 
and  used  in  the  frequency  determination.  Results 
of  this  phase  of  the  study  are  shown  in  Table  4. 
HDD  for  selected  return  periods  are  indicated, 
as  is  the  distribution  by  periods  of  the  annual 
highest  four-week  HDD.  For  example,  in  Rumford, 
Maine,  it  can  be  expected  to  have  a  four-week 
HDD  equaling  or  exceeding  1,547  one  year  out  of 
ten.  Sixty  per  cent  of  the  time,  the  greatest 
accumulation  of  HDD  occurred  during  Period  12 
at  this  station. 


HDD  by  Calendar  Months 

Tabulation  and  summarization  of  HDD  data 
by  climatological  four-week  periods  was  neces- 
sary because  of  machine  routines  for  processing 
the  data.  Because  the  Weather  Bureau  has  re- 
ported HDD  by  calendar  months,  it  was  believed 
to  be  desirable  to  work  out  a  method  of  convert- 
ing the  NE-35  data.  The  procedure  employed  in- 
volved the  construction  of  a  family  of  curves, 
secured  by  plotting  accumulated  values  of  HDD 
against  a  time  scale  measured  in  units  of  the  four- 
week  climatological  period.  Smooth  curves  were 
drawn  through  the  plotted  points.  These  assumed 
an  "S"  shape  when  the  beginning  and  ending 
time  periods  were  four-week  Periods  6  and  5, 
respectively.  Calendar  months  were  fitted  to  the 
four-week  period  scale.  The  percentage  of  the 
total  degree  days  accumulated  to  the  end  of  each 
month  could  be  estimated  from  the  "S"  curves. 
Percentage  distribution  by  months  derived  from 
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these  relationships  is  depicted  in  Table  5.  While 
no  great  precision  can  be  claimed  for  this  method, 
it  is  presented  as  a  practical  means  of  convert- 
ing periods  of  the  climatological  year  to  calendar 
months. 

It  is  interesting,  in  connection  with  this  pro- 
cedure, to  see  if  stations  having  approximately 
the  same  annual  mean  HDD  have  about  the  same 
monthly  distribution.  More  specifically,  does 
Dover,  Del.,  (annual  mean  of  4,369  HDD),  located 
near  the  coast,  have  the  same  time  distribution 
of  HDD  as  does  Point  Pleasant,  W.  Va.,  (annual 
mean  of  4,356  HDD)  located  on  the  Ohio  River 
some  400  miles  inland?  A  cursory  examination 
of  a  number  of  stations  in  this  category  indicated 
the  time  distributions  to  be  similar.  This  is  a 
question  which  might  well  be  given  a  more  careful 
examination. 

Equation  for  Estimating  HDD 

Map  2  shows  that  the  network  of  156  weather 
stations  used  in  the  present  study  leaves  many 
areas  where  the  isolines  are  drawn  by  inter- 
polating between  widely  spaced  stations.  These 
interpolations  were  modified  in  some  cases  by 
the  known  features  of  the  terrain.  This  illustrates 
the  need  for  a  more  accurate  estimate  of  the 
mean  annual  HDD  for  a  locality  that  is  far  re- 
moved from  a  network  station.  Consideration  of 
this  problem  led  to  an  attempt  to  develop  a  method 
of  estimating  mean  annual  HDD  for  any  station 
on  the  basis  of  parameters  which  have  been 
determined,  and  data  for  which  are  readily  avail- 
able. A  procedure  for  estimating  monthly  degree- 
day  totals  from  monthly  mean  temperatures  has 
been  developed  by  Thorn  and  adopted  by  the 
Weather  Bureau  (16).  While  this  method  gives 
satisfactory  results,  it  is  somewhat  time  consum- 
ing and  requires,  in  addition  to  monthly  mean 
temperatures,  the  standard  deviation  of  the 
monthly  mean  temperature  for  the  location  in 
question. 

In  search  of  a  method  for  estimating  HDD, 
the  development  of  a  multiple  regression  equation 
was  explored.  A  computer  program  was  available 
for  the  study.  A  variety  of  parameters,  (includ- 
ing station  elevation,  latitude,  longitude,  January 
mean  temperature,  frost-free  days,  annual  mean 
temperature,  etc.)  were  tried,  and  the  significance 
of  the  terms  examined  by  an  appropriate  statisti- 
cal test.  This  led  to  the  following  equation,  which 
will  estimate  average  annual  HDD  with  an  error 
no  greater  than  3  per  cent  in  most  cases. 


X-,    =   6C25  -  1S6.6  X2    +   .2X„   +   209.9X4 
Where: 

Xj^    =   mean  annual  HDD  for  the  station 
X.,    =   mean  annual  temperature  in   '    F 
X..    =    elevation  above  sea  level  in  feet 
X4    =    latitude  in  degrees,  with  fractions   ex- 
pressed as  decimals. 

Figure  3  is  a  nomogram  from  which  an  ap- 
proximate solution  to  the  equation  can  easily  be 
determined.  A  more  accurate  solution  can,  of 
course,  be  obtained  by  substituting  the  appropri- 
ate values  in  the  equation.  The  equation  has  not 
been  tested  for  stations  outside  of  the  North- 
eastern region. 


APPLICATION  OF  HDD  DATA 

A  more  complete  description  and  illustration 
of  the  uses  of  HDD  in  estimating  energy  require- 
ments for  space  heating  may  be  found  in  publi- 
cations of  ASHRAE,  TVA,  NEMA,  and  others 
(1),  (12),  (9),  (3).  A  few  brief  examples  are 
presented  to  give  some  idea  of  possible  uses  for 
the  data. 

The  fuel  required  for  heating  a  structure  may 
be  calculated  from  the  following  equation  as 
given  by  ASHRAE  (1). 


XN 
eC 


[I] 


Where  F  =  quantity  of  fuel  or  energy  (in  same 
units  as  C,  below) 

X  =  average  heat  requirements  (Btu/hr) 
for   the    period   under   consideration 

N  =  number  of  heating  hours  in  the  esti- 
mate  period 

e  =  eficiency  of  utilisation  of  fuel  over 
the   period,   expressed  as   a  decimal 

C  =  hasting  value  of  one  unit  of  fuel  (or 
energy) 

The  value  of  X  is  usually  computed  by 


X 


H(t 


td 


[II] 


Where   H 


td 


calculated  heat  loss,  (Btu/hr),  based 
on  tj  and  tj  and  including  infiltration 
loss 

average  inside  temperature  maintain- 
ed,   °    F 

insid?  design  temperature,  usually 
70°    F 

average  outside  temperature  for  esti- 
mate   period 

outdoor  design  temperature  (consult 
references  (1).  (3).  and  (9)  for  design 
values ) 
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These  relationships  can  then  be  expressed  as 
H(t  -  t0)N 


E 


eC(t;  -  td) 


H(t  -  tQ)N 
ti  -td 


mi] 


where  E   =   energy  requirement,   (Btu) 

This  form  IV  of  the  equation  will  be  used  as 
it  is  more  convenient  for  the  present  purposes 
and  can  easily  be  converted  to  fuel  requirements 
by  taking  into  account  e  and  C  as  defined  above. 

Thom,  (13)  and  (14),  states  that  the  inside 
temperature  product  (t  -  t0)  N  is  often  assumed 
to  be  a  function  of  the  normal  season  HDD.  This 
relationship  may  be  expressed  as 


K  d  =    (t  -  t0)N 


[VI 


where  d   =    normal  heating  degree  days 

Thorn's  derivation  of  the  constant,  K,  pro- 
duces a  value  of  approximately  30  for  mean  HDD 
in  the  range  of  4,000  to  10,000  annually,  which 
includes  the  Northeastern  states. 

The  ASHRAE  Guide  (1)  notes  that  X,  the 
average  energy  requirement,  is  often  overesti- 
mated by  the  use  of  Equation  II  because  H  is  the 
calculated  maximum  heat  loss.  There  are  usually 
sources  of  heat,  not  taken  into  account  in  cal- 
culating the  maximum  heat  demand,  which  will 
tend  to  decrease  the  overall  energy  requirements. 
Again  according  to  ASHRAE,  the  most  important 
sources  are  solar  radiation,  people,  lights,  and 
equipment. 

Some  allowance  for  this  may  be  made  by 
using  t  as  65°   rather  than  70°   F,  as  is   often 

(t-t0)N 


done.  If  t  =  65°  F,  then  the  expression 


24 


is  identical  to  degree-days  for  the  period  and 


24d   =    (t  -  t0)N 


[VII 


For  electrically  heated  houses,  the  Tennessee 
Valley  Authority  (12)  has  developed  the  following 
formula  for  estimating  seasonal  energy  require- 
ments : 


KWH 


HL  x  DP  x  20 
TD 


[VII] 


Where  KWH   =   the    seasonal    energy   heat   loss    of 
building   in   kilowatt   hours 
HL        =   heat  loss   of  building   in   kilowatts 

per   hour 
DD        =    normal  annual  degree-days  for  the 
locality 


TD  =  difference  ( °  F )  between  inside 
and  outside  design  temperatures, 
or  (tj  -  td),  in  symbolism  employed 
above 

This  formula  is  primarily  applicable  to  resi- 
dential space  heating,  according  to  TVA,  and  is 
presumably  based  on  data  collected  in  the  electric 
service  area  of  this  agency. 

Considering  Equations  V,  VI,  and  VII,  it  can 
be  seen  that  Equation  IV  can  be  written  in  the 
form : 


[VIII] 


M 


It  is  evident  from  the  above  formulas,  selected 
as  representative  of  those  in  common  use,  that 
a  fairly  wide  range  of  values  has  been  assigned 
to  the  constant  K.  The  suggestion  has  been  made 
that  the  constant  depends  upon  such  variables 
as:  geographical  location,  orientation  and  design 
of  the  particular  house,  living  habits  of  the 
occupants,  and  type  of  heating  equipment  used. 
Obviously,  the  selection  of  K  must  necessarily 
be  based  on  judgment  and  experience.  Studies 
to  develop  a  more  precise  and  objective  method 
for  determining  this  term  are  needed. 

The  Federal  Housing  Administration  (3)  has 
developed  a  formula  which  affords  a  short-cut 
method  of  determining  H,  heat  loss.  The  follow- 
ing form  of  FHA's  Heat  Loss  Check  Formula 
is  limited  to  one,  one-and-one-half-,  and  two- 
story  detached  dwellings  that  are  substantially 
rectangular  in  plan,  have  an  inside  floor  area 
(exclusive  of  basement  and  garage)  not  in  excess 
of  1,500  square  feet,  and  a  total  window  and  door 
area  of  between  20  and  28  per  cent  of  the  inside 
floor  area. 

H  =   A  (G  +   Uc  +  Uw  +  Uf )   (tj  -  td)     nxi 


II 


AUftj-  td) 


Where  H      =    heat    loss    (Btu/hr),    from    one-story 

building 
G     =   glass  and  infiltration  factor  for  doors 

and  windows 
Uc    =   heat  transmission  coefficient  for  ceil- 
ing (Use  .5  Uc  for  1  1/2  and  2-story 

dwellings) 
Uw  =   heat  transmission  for  exterior  walls 

(Use   1.2   Uw  for   1  1/2   and   2-story 

dwellings) 
Uf    =   heat  transmission  coefficient  for  floor 

(Use    .5    Uf  for   1    1/2    and    2-story 

dwellings) 
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A  =  inside  floor  area  in  square  feet.  Sum 
of  floor  areas  measured  to  inside 
face  of  enclosing  exterior  walls  on 
each  principal  floor  level,  and  floor 
area  measured  to  inside  face  of  en- 
closing walls  and  partitions  of  all 
finished  rooms  and  spaces  in  the 
attic.  Basement  and  garage  areas  are 
not   to  be   included. 

U  =  the  combined  transmission  coefficient 
for  the  above  condition. 

Combining  Equations  VIII  and  X,  we  have 
E  =  A  U  K  d~  [XI] 

Procedures  for  computing  H  or  HL  (con- 
version can  be  made  on  the  basis  that  1  KWH  = 
3,413  BTU)  in  addition  to  the  short-cut  method 
are  explained  in  detail  in  references  (1),  (3), 
(9),  and  (12).  These  procedures  will  not  be  re- 
viewed here. 


SAMPLE  CALCULATIONS 

Some  examples  of  how  HDD  data  may  be 
applied  to  the  solution  of  practical  problems  follow. 

Example   1 

A  dwelling  at  Frostburg,  Md.,  is  calculated 
to  have  a  heat  loss,  H,  of  45,000  BTU  per  hour. 
This  includes  losses  by  transmission  and  infiltra- 
tion. The  normal  annual  HDD  at  Frostburg  is 
5,685,  the  inside  minus  the  outside  design  tem- 
perature is  70°,  and  the  floor  area  is  1,200  square 
feet.  What  is  the  estimated  normal  annual  energy 
requirement  for  heating? 

Use  Equation  VIII  and  assume  K  =  24 


tj  -  td 


E 


45,000  x  24  x  5,685 


E   =   87.7   million   BTU   per   year 

Example  2 

A  house  has  a  floor  area  of  1,500  square  feet. 
The  U  term  for  the  FHA  short-cut  method  has 
been  calculated  as  .62.  Estimate  the  average 
seasonal  energy  requirements,  if  the  location  has 
a  normal  annual  HDD  of  5,200. 

Use  Equation  XI, 

E   =   A  U  K  d 

If  K  is  30,  then 
E   =    1,500  x  .62  x  30  x  5,200 
E   =    145.1  million  BTU  per  year 


Example  3 

With  the  conditions  and  location  described  in 
Example  No.  1, 

(a)  What  will  be  the  energy  requirements 
that  will  not  be  exceeded  more  than  one-fourth 
of  the  years  on  the  average? 

On  Figure  1,  enter  with  the  mean  annual  HDD  of 
5,685  on  the  ordinate.  Projecting  to  the  25  per  cent 
frequency  line  and  then  to  the  abscissa  indicates 
a  value  of  approximately  6,000  HDD.  This  means 
that,  on  the  average,  annual  HDD  at  Frostburg 
will  not  exceed  this  figure  3  years  out  of  4,  or 
conversely,  the  figure  will  be  exceeded  1  year  out 
of  four.  Then 

**■        6(1)0 


E   =   92.6  million    BTU    per   year 

(b)  What  will  be  the  energy  requirements 
for  the  four-week  period  during  which  the  HDD 
will  be  equaled  or  exceeded  only  once  in  10  years  ? 

The  solution  may  be  determined  by  referring  to 
Table  4.  The  extreme  value  frequency  gives  about 
1,200  HDD  for  Frostburg  for  a  return  period  of 
10  years.  This  is  to  say  that  once  in  10  years  a 
four-week  period  HDD  equaling  or  exceeding  this 
magnitude  will  be  expected.  The  analysis  does  not 
show  in  what  period  this  will  occur.  However,  the 
coldest  weather  as  measured  by  the  highest  HDD 
has  been  experienced  in  Period  11  in  40  per  cent 
of  the  vears  of  record.   From  this, 


_   45,000  x  24  x  1,200 
E  ~  70 

E   =    18.5  million   BTU   for  the  period 

It  should  be  noted  that  the  relationship  of 
HDD  to  energy  requirements  is  usually  more 
reliable  for  longer  periods  than  for  shorter  ones. 
The  four-week  period  calculation  may  therefore 
provide  estimates  that  are  not  as  reliable  as  can 
be  expected  for  several  periods  combined,  or  for 
an  entire  heating  season. 

Example  4 

The  frequency  charts,  Figures  1  and  2, 
are  based  upon  the  premise  that  the  data  con- 
form to  the  normal  distribution.  A  further  as- 
sumption involved  is  that  the  annual  means  have 
homogeneity  of  variance.  This  provided  the  basis 
for  calculating  the  position  of  the  frequency  lines 
on  Figure  1.  Application  of  this  reasoning  to  the 
construction  of  Figure  2  has  been  explained 
briefly  in  a  previous  section.  Some  individual 
stations  do  not  fit,  as  well  as  one  might  hope, 
the  idealized  relationship.  The  following  pro- 
cedure may  be  employed  to  utilize  the  data  for 
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any  station  and  period  in  working  out  frequency 
relationships,  as  an  alternate  to  use  of  the  charts. 
(Application  to  the  warmer  four-week  periods 
should  be  with  caution,  because  the  HDD  may 
not  be  normally  distributed,  and  large  biases  in 
probabilities  result.) 


Using  HDD 


HDD  =  d  +  sf 


[XII] 


heating  degree-days  for  any  return 
period  or  frequency  (Table  6) 
average    or    mean     HDD    for    the 
period 

sample  standard  deviation.  This 
was  derived  from  appropriate  pool- 
ed variances  for  constructing  Fig- 
ures |  and  2L  The  individual  station 
values  of  standard  deviation,  re- 
ported in  Tables  2  or  3,  may  be 
used  to  work  out  the  frequency 
relationships, 
factor    for    area    under    the    normal 


Equation  XII  may  be  used  in  conjunction 
with  Table  6  in  the  following  manner: 

What  is  the  four-week  HDD  that  will  be  equal- 
ed or  exceeded  one  year  in  25  years  on  the 
average  for  climatological  Period  1  at  Williamson 
W.  Va.  ? 

From  Table  3,  the  mean  is  545  HDD,  the 
standard  deviation  is  134  HDD,  and  from  Table  6, 
the  area  factor  for  a  return  period  of  25  years  is  1.75 

Then 

HDD   =   545   +   134  (1.75)    =   780 

On  the  average,  the  Period  1  HDD  can  be 
expected  to  equal  or  exceed  this  figure  only  once 
in  25  years. 

Also, 

HDD   =   545  -  134  (1.75)    =   310 
In  this  case,  310  HDD  is  a  figure  for  which 
the  expectancy  is  that  a  lower  value  will  occur 
only  once  in  25  years,  or  that  HDD  will  equal 
or  exceed  this  96  per  cent  of  the  time. 
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FIGURE  3.    Nomogram  for  Solving  Multiple  Regression  Equation. 


Table  1.  The  Climatological  Year. 


Week 

Beginning 

End 

ng 

4-Week  Period 

Beginning 

Ending 

Number 

Date 

Date 

Number 

Date 

Date 

01 

Mar 

1 

Mar 

7 

Mar      1 

02 

Mar 

8 

Mar 

14 

01 

03 

Mar 

15 

Mar 

21 

04 

Mar 

22 

Mar 

28 

Mar  28 

05 

Mar 

29 

Apr 

4 

Mar    29 

06 

Apr 

5 

Apr 

11 

02 

07 

Apr 

12 

Apr 

18 

08 

Apr 

19 

Apr 

25 

Apr    25 

09 

Apr 

26 

May 

2 

Apr    26 

10 

May 

3 

May 

9 

03 

11 

May 

10 

May 

16 

12 

May 

17 

May 

23 

May  23 

13 

May 

24 

May 

30 

May  24 

14 

May 

31 

Jun 

6 

04 

15 

Jun 

7 

Jun 

13 

16 

Jun 

14 

Jun 

20 

Jun    20 

17 

Jun 

21 

Jun 

27 

Jun    21 

18 

Jun 

28 

Jul 

4 

05 

19 

Jul 

5 

Jul 

11 

20 

Jul 

12 

Jul 

18 

Jul     18 

21 

Jul 

19 

Jul 

25 

Jul     19 

22 

Jul 

26 

Aug 

1 

06 

23 

Aug 

2 

Aug 

8 

24 

Aug 

9 

Aug 

15 

Aug   15 

25 

Aug 

16 

Aug 

22 

Aug    16 

26 

Aug 

23 

Aug 

29 

07 

27 

Aug 

30 

Sep 
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Map  1 
Station  Locator  Map 


Map  2 
Mean  Annual  Heating  Degree-Days 


